ABSTRACT
INTRODUCTION
Tomato is one of the popular and widely grown vegetable crops in Nigeria. It is a nutritive crop ranking next to potato in world's vegetable production (Tamana and Ijaz, 2014) . Nigeria is ranked the second largest producer of tomato in Africa and 13 th in the world (FAO, 2011) . The total production in Nigeria is estimated as one million hectares of land producing 1.701 million tonnes per annum with average of 20-30 tons /hectare. The per-hectare production of tomato is low in our country as compared to top ten largest producing countries in the world such as China, India USA, Spain, Egypt Turkey Iran, Italy, Brazil and Mexico (Agriexchange, 2011) . The productivity of tomato is hindered by an array of factors among which weeds are the most signifi cant in terms of reduction in yield, quality and value of the crop (Tamana and Ijaz, 2014) .
Weeds reduce crop yield by competing for space, light, water and nutrient. They also weakened crop stand and reduce harvesting effi ciency (Abbasi et al., 2013) . Some weeds also serve as alternative hosts for pest and diseases that aff ect crop growth (Tesfaye et al., 2015) . Marana et al. (1986) estimated that critical period of weed competition in tomato is to be 30-40 days after sowing. Therefore, it is recommended that weeds should be removed for 40-50 days after sowing. Percentage yield loss in tomato as a result of weed infestation could range from 40 to 95 % (Adigun, 2000; Madueke et al., 2012) . The variation in this yield loss depends on factors such as type and density of weeds, competitive ability of the crop and the agroecology of the particular area where the research was carried out. The weed control methods practiced in tomato production include, cultural, mechanical, chemical and integrated weed management (Ashton and Monaco, 1991) , and integrated weed management has been found to be more effi cient.
Tomato fruit has been known to be a good source of ascorbic acid, lycopene and β carotene. These compounds have been shown to act as powerful antioxidant in human body. A diet containing a moderate amount of these antioxidants has been associated with the prevention of cardiovascular diseases and cancer of the prostate and gastrointestinal tract (Gann et al., 1999; Agarwal and Rao, 2000) . Many experts have identifi ed increasing levels of dietary lycopene carotene and ascorbic acid through the consumption of fresh tomatoes and tomato products (Tonucci et al., 1995; Giovannucci, 1999) . Numerous investigations had been carried out with the aim of increasing these antioxidants in tomato via techniques such as infl uence of genotype, agricultural practices, nutrient interaction, temperature and irrigation practices (Abushita et al., 2000; Binoy et al., 2004) . However, information on the eff ect of herbicide and hand weeding on the fruit quality of tomato that are the most common methods used for weed suppression in southern Guinea savanna zone of Nigeria is scanty. Hence, the present study was carried out to investigate the eff ect of using hand weeding, herbicide and hand weeding plus herbicide on weed suppression, biological productivity and fruit quality of two varieties of tomato.
MATERIALS AND METHODS

Study Site
The present investigation was carried out in two diff erent locations at the Botanical Garden of University of Ilorin, Ilorin, Nigeria between September and December 2015. Two varieties of tomato (Solanum lycopersicum Millvar. Roma V.F. and Tropimech) were used for the study. The seeds were collected from the Kwara State Ministry of Agriculture. The textural soil of the experimental site was sandy-loam with low organic matter (0.92%), moderately low in available nitrogen (0.10) and neutral pH (6.6).
Experimental Layout and Treatment Details
The experiment was arranged in split plot design with tree replications. The two varieties of tomato were assigned to main plots while diff erent weed control methods were assigned to the subplots. Each subplot that was 1m by 1 m, was separated by 0.5 m unplanted areas. Plants were set in single row spaced 0.3 m apart. Plot size was 27 m x 4 m. There were fi ve weed control treatments. T 1 = Pendimethalin [ N-(1-ethylpropyl)-3, 4-dimethly 2, 6-dinitrobenzenzamine] was applied as sole at 4 lha -1 ; T 2 = Pendimethalin [ N-(1-ethylpropyl)-3, 4-dimethly 2,6 dinitrobenzenzamine] was applied at 4lha -1 + one hand weeding at 6 weeks after transplanting (WAT); T 3 = Two hand weeding at 3 and 6 WAT,T 4 = weed free check (weeds were manually removed throughout the period of the experiment); T 5 = weedy check (weed infested plot or no weeding was carried out throughout the period of investigation). The Pendimethalin herbicide was applied at pretransplanting time (a week before transplanting) using a knapsack sprayer calibrated to deliver a volume at 250 lha -1 . Two varieties were raised in the nursery beds for four weeks. Then, healthy seedlings were transplanted to the fi eld second week of September, 2015.
Data Collection
(a)
Weed and crop
Weeds species encountered were identifi ed using the Hand Book of West African Weeds (Akobundu and Agyakwa, 1987) . Weed counts were made using 0.5 m × 0.5 m quadrat placed randomly within each experimental unit. Weed biomass was determined by clipping the aboveground tissues in each experimental unit from randomly selected areas of 0.5 m by 0.5 m quadrat in each plot. The harvested weeds were oven-dried at 80 for 24 hours and biomass was determined using electronic balance MP 101 with precision of 0.1 g. Parameters such as weed control effi ciency and weed index were also estimated according to the formula of Gill and Kumar (1969) as shown below:
(b) Fruit Quality and Proximate Composition
The pH and titratable acidity of the fruits were determined. The ascorbic acid of the fruit was determined according to Association of Offi cial Analytical Chemist (AOAC, 1980) titrimetric method using 2,6-Dichlorophenol indophenol (DCPIP). To achieve this, 5 g of each sample was weighed and macerated in 15 ml metaphosphoric glacial acetic acid mixture in a beaker containing 1.0 g activated charcoal.
The resulting mixture was boiled for ten minutes and thereafter fi ltered with Wattman No. 1 fi lter paper in a conical fl ask. For complete extraction of the vitamin C, 10 ml of metaphosphoric glacial acetic acid was added. Distilled water was added to each conical fl ask and made the volume up to 100 ml. A blank solution was titrated with 2,6-Dichlorophenol indophenol dye in a beaker until pink colour was obtained.
The quantity used to achieve the end point was recorded. The ascorbic acid was calculated as: mg ascorbic acid/g sample = V x S x D.
Where V = Volume of dye used to titrate, S = Standardization value in mg ascorbic acid and D = dilution factor. It should be noted that each of the foregoing was done in three replicates.
The ripen tomato fruits were analysed for lycopene and β-carotene contents simultaneously following the methods of Nagata and Yamahita (1992) . One grams of ripen tomato was homogenized in a test tube containing 20 ml acetone-hexane mixture in the ratio of 4:6. The acetone-hexane mixture assist in the separation of the pigments. Measurement of the absorbance was read at 663, 645, 505 and 453 nm at the same time. The absorbencies at these wave lengths were used to estimate lycopene and β-carotene using the equations depicted below: Growth parameters such as plant height, number of leaves, leaf area and above-ground dry weight were estimated at harvest. Physiological parameters such as leaf area ratio, relative growth rate (RGR) and net assimilation rate (NAR) were determined according to Gardner (1985) . Marketable fruits were manually harvested at intervals of 3 days starting from 10 WAT for Roma V.F. and 11 WAT for Tropimech for yield estimation. The number of fruit per plant and fruit weight in 1m 2 area and harvest index were also estimated.
Proximate composition of the fresh fruits (moisture, ash, fi bre, protein, fat and carbohydrate) was determined following the method described by AOAC (2000) .
Data analysis
The data recorded from the two locations were pooled together on account of non-signifi cant interaction between location, treatment and varieties. Treatment means were separated using least signifi cant diff erence (LSD) at 0.01 probability level.
RESULTS AND DISCUSSION
Weed Flora Composition
A total of 14 weed species were encountered at the experimental site (Table 01 ).The preponderant weed species encountered were broad-leaved weeds (dicot). These broadleaved weeds were mostly annual species and they were greater in number than annual and perennial grasses (Table 01 ). This scenario was due to lack of satisfactory weed control either from hand weeding and sole herbicide application. Similar results had been reported by Hakim et al. (2010) in their studies of distribution of weed species in the rice growing area in Malaysia. The most represented families were Asteraceae, Euphorbiaceae and Poaceae (Table 01) . Earlier studies have revealed that the vegetation of a particular area is determined not only by environment but also by edaphic, biological factors, pH, nutrients, moisture status, associated crop and weed control measures (Kim et al., 1983) . Considering the frequencies among the encountered weed species, Euphorbia heterophylla was the most common followed by Tridax procumbens, Tithonia diversifolia, Phyllantus amarus, Gomphrena celosioides, and Ageratum conyzoide. These weed species have been reported to be preponderant in tomato fi elds (Awodoyin et al, 2007; Adesina et al., 2014) .
Weed Control Eff ort
Weed biomass, weed control effi ciency and weed index were signifi cantly (p<0.01) aff ected by the weed control methods (Table 02) (Table 02 ). Weed free check recorded signifi cantly higher weed control effi ciency in both varieties (96.23% and 98.78%) followed by Pendimethalin at 4 lha -1 + one hand weeding at 6 WAP, two hand weeding at 3 and 6 WAP, and Pendimethalin at 4 lha -1 (Table 02) . Weedy check recorded signifi cantly lower weed control effi ciency over all other treatments.
Weed index values were lower in weed control treatments. A signifi cantly higher weed index was recorded in weedy check (59.25% and 84.44%) over all the other treatments (Table  02) . The results were in conformity with earlier fi ndings where higher weed biomass was linked to zero weed control measure on weed growth (Olayinka and Etejere, 2015; Muhammad et al., 2016) . The lowest weed control effi ciency recorded in sole Pendimethalin at 4lha -1 when compared to treatment such as two hand weeding at 3 and 6 WAT and Pendimethalin at 4lha -1 + one hand weeding at 6 WAT was due to inability of the herbicide to provide continuous weed control. This scenario had been observed by Akobundu (1987) and other researchers such as Olorunmaiye and Olorunmaiye (2009) and Olayinka and Etejere (2015) in their studies of weed control methods in arable crops. Values followed by the same superscripts along the column are signifi cantly the same at p≤0.01.T 1 = Pendimethalin at 4 lha -1
; T 2 = Pendimethalin at 4 lha -1 + one hand weeding at 6 WAP; T 3 = Two hand weeding at 3 and 6 WAP; T 4 = Weed free check (Positive control); T 5 = Weedy check (negative control).
Growth Response
In both varieties plant height, the number of leaves, leaf area and above-ground dry weight at harvest were signifi cantly (p<0.01) increased by weed control methods (Table 03 ). These growth attributes were signifi cantly lower in weedy check when compared to other treatments. The enhanced growth attributes recorded from the weed free check, Pendimethalin at 4lha -1 + one hand weeding at 6 WAP, two hand weeding at 3 and 6 WAT over sole Pendimethalin at 4lha -1 and weedy check could be attributed to low incidence of weeds interference. The results agreed with the studies of Madueke (2010), Madukwe et al.(2012) , Imoloame et al. (2014) who had variously reported better growth in all the weed control treatments than the weedy check most importantly where chemical was combined with one hand weeding. Weeds have generally be known to compete with crop for resources that are necessary for plant growth and developments (El-Naim, et al., 2010) .
Physiological Response
Leaf area ratio at 6, 9 and 12 WAT in Roma V.F. and Tropimech varied signifi cantly (p<0.01) due to weed control methods (Table 04) . At 6 WAT the weed free check till harvest recorded signifi cantly highest leaf area ratio followed by Pendimethalin at 4lha -1 + one hand weeding at 6 WAP, two hand weeding at 3 and 6 WAT and sole Pendimethalin at 4lha -1. (Table 04 ). Minimum leaf area ratio was recorded under the weedy check. A similar pattern was maintained at 9 WAT except that there was reduction in leaf area ratio. The leaf area ratio was further declined at 12 WAT in all the treatments. A reduction in leaf area with age has been observed as a feature in annual plants (Adeyemi, 1999 , Olayinka et al., 2009 . Relative growth and net assimilation followed similar pattern as recorded for leaf area ratio as they were enhanced in all the weed control treatments compared to the weedy check (Table 04 ). Values followed by the same superscripts along the column are signifi cantly the same at p≤0.05.T 1 = Pendimethalin at 4 lha -1 ; T 2 = Pendimethalin at 4 lha -1 + one hand weeding at 6 WAP; T 3 = Two hand weeding at 3 and 6 WAP; T 4 = Weed free check (Positive control); T 5 = Weedy check (negative control) Weeks After Sowing 6 9 12 3-6 6-9 9-12 3-6 6-9 9-12 Roma V.F. This showed that growth of tomato was grossly aff ected in weedy check situation on account of heavy weed infestation. The higher RGR and NAR in treatments such as Pendimethalin at 4lha -1 + one hand weeding at 6 WAT, two hand weeding at 3 and 6 WAT over sole Pendimethalin could be due to eff ective weed control provided by these treatments which translate to higher photosynthetic effi ciency for increased biomass production. Olayinka and Etejere (2015) had reported similar results in their studies of weed control methods in groundnut. Singh (2004) had observed that photosynthetic rate of leaves decreased as the relative water contents and water potential decreases. The decline in RGR and NAR of tomato towards physiological maturity could be due shading of lower leaves by upper leaves, increase in the number of old leaves with low photosynthetic effi ciency (Banik et al., 2009 ).
Yield
The diff erent weed control treatments signifi cantly (p<0.01) aff ect the number of matured fruit per plant and marketable fruit weight and harvest index (Table 05 ). The weed infestation in weedy check markedly reduced the number and fresh weight of fruit when compared with other weed control treatments (Table 5) . Ghohsen et al. (1992) had reported a reduced number of harvested fruits from weedy check with high weed density in tomato. Sole Pendimetalin at 4 lha -1 showed yield that was statistically lower compared to Pendimnthalin at 4 lha -1 + one hand weeding at 6 WAT and two hand weeding at 3 and 6 WAT. Aside from the weed free check that recorded maximum yield, Pendimnthalin at 4 lha -1 + one hand weeding at 6 WAT favoured higher yield when compared to other weed control treatments (Table 5 ). The enhanced yield in Pendimnthalin at 4 lha -1 + one hand weeding at 6 WAT treated plots could be attributed to low weed infestation and higher weed control effi ciency. These conditions could have in turn provided the tomato plants receiving this treatment greater photosynthetic rate and partitioning of resources into fruit development. Evidence in support of this explanation was found in higher number of harvested fruits and weight of the fruit and a higher harvest index. Madueke et al. (2012) had reported increased yield from weed free check and herbicide + one hand weeding in Tomato. Regardless of weed control methods, yield was higher in Roma V.F. than Tropimech. This could be attributed to diff erences in gene composition (Hernandez et al., 2008; Olayinka and Etejere, 2015) .
Fruit Quality and Proximate Composition
Weed control methods signifi cantly infl uenced (p<0.01) the fruit quality assessed in both varieties (Table 06 ). Varietal diff erences showed fruits' quality and nutritional compounds assessed were higher in Tropimech than Roma V.F. except pH (Tables 06 and 07 ).The composition of the tomato fruits aside from fi bre and other fruit quality attributes such as β-carotene, lycopene and vitamin C contents were generally enhanced in all the weed control treatments compared to the weedy check (Tables 6 and 7) . Sole Pendimethalin at 4 l ha -1
followed by Pendimnthalin at 4lha -1 + one hand weeding at 6 WAP had positive infl uence on the fruit quality of tomato. Engelmann et al. (2009) had found that herbicides increased lycopene and quality of carotenoid in tomato. Generally, proximate composition and biochemical constituents were higher in Tropimech than Roma V.F. Diff erential gene composition could account for this observed diff erence. The bulk of tomato contained moisture. This explained why the crop had low shelf life (Onifade et al., 2013) . The low fat content of the two varieties make tomato a good diet for heart diseases. The β-carotene, lycopene and vitamin C were respectively higher in all the weed control treatments compared to the weedy check. This showed that reduction of weed infestation have marked infl uence on the antioxidant contents of tomato. Values followed by the same superscripts along the column are signifi cantly the same at p≤0.05.T 1 = Pendimethalin at 4 lha -1 ; T 2 = Pendimethalin at 4 lha -1 + one hand weeding at 6 WAP; T 3 = Two hand weeding at 3 and 6 WAP; T 4 = Weed free check (Positive control); T 5 = Weedy check (negative control). Values followed by the same superscripts along the column are signifi cantly the same at p≤0.01. T 1 = Pendimethalin at 4 lha -1 ; T 2 = Pendimethalin at 4 lha -1 + one hand weeding at 6 WAP; T 3 = Two hand weeding at 3 and 6 WAP; T 4 = Weed free check (Positive control); T 5 = Weedy check (negative control) Values followed by the same superscripts along the column are signifi cantly the same at p≤0.05. T 1 = Pendimethalin at 4 lha -1
CONCLUSIONS
Weed control has a signifi cant positive infl uence on all the tested growth, yield parameters and fruit quality. Pendimethalin does not have continuous weed control ability. It could be needed to be integrated with other weed control methods such as hand weeding as demonstrated in this study to enhance its eff ectiveness in tomato production.
